Air quality modelling plays an important role in formulating air pollution control and management strategies by providing guidelines for better and more efficient air quality planning. Several air quality dispersion models are used to evaluate the urban air quality. The performance and efficiency of an air quality model are mainly depends upon the accurately interpretations of the complex interactions between various atmospheric, emission and topographic parameters involved in the air pollution problem. In this paper, four state-of art air quality models like AERMOD, ADMS-Urban, ISCST3 and CALINE4 and two codes i.e. GFLSM and DFLSM (based on Gaussian principle) have been used to predict the air quality of an urban intersection of Delhi city, India, followed by their performance evaluation. These models are applied to predict the concentration of Carbon monoxide (CO), Nitrogen dioxide (NO 2 ) and PM 2.5 (size less than 2.5 micron) which are one of the major components of vehicular exhaust emissions. The performance of all models/codes have been evaluated using standard statistical descriptor like Index of Agreement 
Introduction
Vehicular pollution is one of the most serious and rapidly growing environmental problems in the large cities of the developing world. The rapidly growing vehicle fleets, distance travelled by each vehicle, and change in land use pattern are some of the primary causes of vehicular air pollution, which is responsible for increase in asthma and other respiratory diseases among urban population [1] . Vehicles in major metropolitan cities of India are estimated to account for 70% of CO, 50% of HC, 30-40% of NOx, 30% of SPM and 10% of SO 2 of the total load of these cities, of which two-third is contributed by two wheelers alone [2] . This rapid growth of motor vehicles ownership and activities in Indian cities are causing a wide range of serious health, environmental and socio-economic impacts [3] . The total motor vehicles population in India has also increased from 0.3 million in 1951 to 115 million in year 2009 of which, two wheelers account for 70% of the total vehicular population [4] . Accurate prediction and assessment of vehicular pollution level is important step towards management of vehicular pollution level. Line source dispersion models represent essential computational tools for predicting the air quality impacts of emissions from road traffic and are widely used in urban and municipal planning. They are extensively used throughout the world including India to carry out the prediction of vehicular pollutant concentrations along highway road in both urban as well rural areas. Various line source dispersion models are used to predict the pollutants concentration [5] . These are HIGHWAY model [6] which further evaluated in to HIGHWAY-2 [7] , General Motor, GM [8] , CALINE series model which was further evaluated in to CALINE 3 [9] followed by CALINE 4 [10] , latest in CALINE series. Majumdar et al. [11] reveals that CALINE 4 with correction factors (0.37) can be applied reasonably well for the prediction of CO in the city of Kolkata. Bhanarkar et al. [12] assessed the SO 2 and NO 2 pollution level in Jamshedpur region by ISCST3 model and observed that predicted 24-h concentrations have good agreement with measured concentrations at 11 ambient air monitoring stations. Ganguly et al., [13] had used two models CALINE 4 and GFLSM [14] and done comparative evaluation. Further, the commercial available air quality models e.g. AERMOD [15] and ADMS-Urban [16] are highly advanced and complex but user-friendly. Kumar, et al. [17] observed that AERMOD has a tendency to under-predict both under stable and unstable conditions when the model was applied for Ohio, USA. Long et al. [19] studied that sensitivity of AERMOD to input parameters and found out that AERMOD is very sensitive to surface roughness than other input parameters like solar radiation, cloud cover and albedo. Over 70 U.K. local authorities have extensively used the ADMS Urban for control of air pollution at designated air quality control regions (AQCRs). Mohan et al. [20] found out that AERMOD has a greater tendency to over-predict when compared to ADMS-Urban. This difference is due to difference in treatment of atmospheric stability. Also, use of sophisticated parameterization does not always yield good results as in this case. Both performed better for monthly averages than 24 hourly averages. The performance and accuracy of the air quality models is mainly depends upon accuracy input parameters. The CALINE 4 model require vehicles number and single weighted emission factor (g/mile), which represent all types of vehicles, while ISCST3, AERMOD and ADMS-Urban models needs hourly emission rates (g/s). ISCST3 and CALINE 4 model is required stability class while AERMOD and ADMS-Urban worked on monin abukhov length. AERMOD required upper air sounding data. In this study, four state-of art air quality models like AERMOD, ADMS-Urban, ISCST3 and CALINE4 and two codes i.e. GFLSM and DFLSM [21] have been setup and run to predict air quality of the Income Tax Office (ITO), intersection in Delhi city, India, followed by their performance evaluation.
Methodology

Site characteristics
The Income Tax Office (ITO) is one of the busiest intersections in Delhi. It is located at 28º37'39.70" N and 77º14'28.60" E. The four major roads meet at this intersection (figure 1). The ITO intersection is surrounded by a commercial and residential area. The main commercial offices near the ITO intersection is the University Grant Commission office (in North West), Delhi Police Headquarters, Income Tax office, Delhi Secretariat office (all three are in the East direction) and Connaught Place located in the south direction. The largest residential area near the intersection is the IP estate. The pollution monitoring site governed by CPCB is located 12 m from BSZ Marg outside the premises of the Indian National Science Academy (INSA) (Figure 1 ).
Mohan and Kandya [22] has calculated AQI for Delhi city based on 9 years' pollution monitoring data at seven different locations and found that air quality at the ITO intersection is worst in the city amongst all the monitoring stations which may be due to high traffic density and congestion at the ITO intersection. The annual average concentration of CO and PM 2.5 at BSZ marg was 2469μg/m 3 and 102 during 2007, while monthly average concentration of CO and PM 2.5 varied from 1688 μg/m 3 to 4531μg/m 3 and 34μg/m 3 to198μg/m 3 . High levels of CO and PM 2.5 concentration might be attributed to an increase in vehicular population in Delhi [23] . Goyal et al. [24] reported that 17% and 28% of total NOx and PM concentration respectively are due to vehicular pollution, which is almost the same as those from other sources such as industry, power plants, and domestic uses in Delhi. Site view of the ITO intersection, Delhi.
Traffic characteristic
The traffic data at the ITO intersection has been collected from Central Road Research Institute (CRRI), New Delhi. The traffic volume on Roads 3 and 4 have been observed to be greater than the other two roads (Roads 1 and 2). Diurnal traffic pattern at the ITO intersection.
The maximum traffic has been observed between 8:00 and 10:00am (morning peak hour) and between 5:00 and 7:00pm (evening peak hours) (Figure 2 ). The Traffic fleet characteristic of the ITO intersection.
The portion of 2-wheeler (2W) is highest i.e. 38.8% (2W-2-Stroke =14.4% and 2W-4 stroke =24.4%) followed by cars 36.3% (petrol driven = 23.5% and diesel driven =12.8%). In total traffic composition, the 3-wheeler (CNG driven) is 18.0% and bus is 4.1% (CNG driven =3% and diesel driven =1.1%).
Emission factor
Hourly emission rates have been calculated as function of emission factor and vehicular activity data for each road link [24] . AERMOD, ADMS-Urban and ISCST3 does not take these emission rates directly, instead it takes the hourly factors that can be multiplied to a common emission rate for that link so as to get the original emission rates. The weighted emission factor has been calculated for CALINE 4 model based on emission factors and traffic volume for each road link. 
2W-2S
Meteorological data
The meteorological data collected from Indian meteorological department, Delhi for winter and summer periods. The analysis shows that the winter and summer periods have 43% and 53% of calm condition respectively ( In winter, the winds are mostly westerly, north westerly and south easterly having frequent fluctuations. In summer, winds are mostly south easterly having frequent fluctuations. The upper air meteorological data required for AERMOD has been collected from (www.weather.uwyo.edu).
Air quality trends
The diurnal pattern of CO, NO 2 1  8  15  22  29  36  43  50  57  64  71  78  85  92  99  106  113  120  127  134  141  148  155 1  8  15  22  29  36  43  50  57  64  71  78  85  92  99  106  113  120  127  134  141  148  155 The background concentrations for CO for the months of January and May have been 1400µg/m 3 and 1250µg/m 3 , respectively. The background concentrations for NO 2 and PM 2.5 have been taken corresponding to the lowest point on the curve of monitored data [25] . The background concentration of NO 2 for winter and summer period has been taken 61µg/m 3 and 40µg/m 3 respectively. The background concentration of PM 2.5 for winter and summer period has been taken 83µg/m 3 and 25µg/m 3 respectively.
Setting up of models
All the four models and two codes have been setup for prediction of CO concentration for winter period using traffic, meteorology and emission data. Further AERMOD, ADMS-Urban and ISCST3 model have been setup for summer period to predict the CO, NO 2 and PM 2.5 concentrations. The whole intersection has been divided in 10 road links based on traffic count, road terrain and alignment, which are used in AERMOD, ADMS-Urban and CALINE4 model. For DFLSM and GFLSM codes, the intersection is divided in two roads.
Results and discussions
Statistical descriptors mainly index of agreement 'd', factor of 2 (FAC2), fractional bias (FB) and normal mean square error (NMSE) are used to evaluate the model performance. According to Kumar et al., [17] the performance of the model can be deemed acceptable if: 0.4 ≤ d ≤1.0, -0.5≤ NMSE ≤ 0.5, 0.5≤ FB ≤0.5 and FAC2 ≥ 0.8. Tables 1 to 3 show the model performance results. (Table 3) . This shows that all three models are performing satisfactorily. Fractional bias gives the estimates of extremities in under prediction or over prediction. The FB values for CO and PM 2.5 concentrations are positive that show that models under-predict. The FB values for NO 2 for AERMOD and ISCST3 are negative; it shows that models over-predict. NMSE value of all models is below 0.5 (except GFLSM for CO and ADMS-urban for PM 2.5 ). It shows satisfactory performance of all models. 
Conclusions
The AERMOD, ADMS-Urban and ISCST3 perform satisfactory when compared to CALINE4, DFLSM and GFLSM for predicting CO concentrations. The ISCST3 performs satisfactorily when compared to AERMOD and ADMSUrban. The accuracy in the upper meteorological data characterizing the vertical profiles and taking into account the actual variations in turbulence and temperature throughout the mixing layer depth may be one of the significant reasons resulting into the under-prediction by AERMOD when compared to ISCST3. 
